Density functional theory with local spin density approximation has been used to propose possible room temperature ferromagnetism in N-doped NaCl-type BaO. Pristine BaO is a wide bandgap semiconductor, however, N induces a large density of states at the Fermi level in the nonmagnetic state, which suggests magnetic instability within the Stoner mean field model. The spin-polarized calculations show that N-doped BaO is a true half-metal, where N has a large magnetic moment, which is mainly localized around the N atoms and a small polarization at the O sites is also observed. The origin of magnetism is linked to the electronic structure. The ferromagnetic (FM) and antiferromagnetic (AFM) coupling between the N atoms in BaO reveal that doping N atoms have a FM ground state, and the calculated transition temperature (T C ), within the Heisenberg mean field theory, theorizes possible room temperature FM in N-doped BaO. Nitrogen also induces ferromagnetism when doping occurs at surface O site and has a smaller defect formation energy than the bulk N-doped BaO. The magnetism of N-doped BaO is also compared with Co-doped BaO, and we believe that N has a greater potential for tuning magnetism in BaO than Co.
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I. INTRODUCTION
Inducing magnetism in non-magnetic oxides is one of the main areas of interest in the research community. Generally, many oxides are insulator and, without magnetic impurity atoms, non-magnetic. However, recent theoretical and experimental research of oxides has show ferromagnetism with defects or light elements, e.g., C, N, Li. [1] [2] [3] [4] [5] [6] [7] [8] [9] In the past decade, density functional theory (DFT) has played a vital role in either proposing new magnetic materials or elucidating the origins of defects-driven magnetism in oxides. can also be used to stabilize intrinsic defects in the host materials. 20, 21 Through the combined efforts of theoreticians and experimentalists, we are now certain that magnetism in oxides induced by non-magnetic impurities. 6, 7, 22, 23 Now it is known that magnetism develops in the nonmagnetic oxides where the impurity atoms have a finite local magnetic moment and these local magnetic moments will interact with each other to form a net magnetic moment in the host material. Those materials in which magnetism is induced by doping nonmagnetic impurities, for which the substitutional atom can have a finite magnetic moment and the 2p-electrons of the doped atom plays an essential role in governing magnetism in the host material, are generally considered as d 0 magnetic materials. These nonmagnetic impurity atoms can also form impurity bands in the bandgap of host material, and ferromagnetic behavior can be expected if the Fermi energy lies within these impurity bands.
BaO is an oxide with interesting structural and electronic properties. It can be used as a NO 3 storage device for catalysis. 24 BaO is also considered as a precursor to the well known ferroelectric perovskite oxide BaTiO 3 , which can have either TiO 2 or BaO terminated surface when BaTiO 3 is grown on a suitable substrate as a thin film. Possible magnetism in TiO 2 . 7 has been extensively studied, however, less attention has been given to impurities in BaO and there are no detailed theoretical and experimental studies on inducing magnetism in it. It has been experimentally observed that bulk BaO naturally occurs in a B1
(NaCl) structure. 25 Recently, experimental reports have claimed the growth of ultrathin BaO films on SrTiO 3 (001) substrate, and the formation of BaO nanoparticles on reconstructed SrTiO 3 (001), while a locally ordered c(4 × 4) BaO structure is observed on the disordered sample surface. 26 Tan et.al, 27 also observed RT ferromagnetism in N-doped BaTiO 3 and 2 the origin of the magnetism was correlated with the presence of N. Therefore, studying the electronic properties of BaO is of great importance for the development of a new applications, specially in the area of magnetism. Hence, we propose to add a new functionality, i.e. magnetism, in BaO. We show that N in BaO has a ferromagnetic (FM) ground state and the transition temperature T C , which is the temperature at which a material goes from a paramagnetic(disorder phase)state to a magnetic phase(order phase) state, is above room temperature.
II. COMPUTATIONAL METHODS
To study the magnetism of N-doped BaO, we performed calculations in the framework of density functional theory, 28 using linear combination of atomic orbital basis as implemented in the SIESTA code 29 . A double-ζ polarized basis set for all atoms was used. The local spin density approximation 30 (LSDA) was adopted for describing exchange-correlation interactions. We used standard norm-conserving pseudopotentials 31 in their fully nonlocal form 32 . A cutoff energy of 400 Ry for the real-space grid was adopted. supercell. In all these supercells, N was doped at O site due to smaller difference in their atomic sizes and electro-negativities. For the magnetic properties of BaO (001)surface, we considered the conventional unit cell of BaO, and used different n × m × z symmetric slabs of thickness z, defined as a monolayer of BaO. We investigated n = 1, m = 1, z = 8 (Surf 1 ) and n = 2, m = 1, z = 8 (Surf 2 ) surfaces of BaO and doped N at O on both sides of the BaO surface. We added a vacuum region of about ∼ 10Å, so that the two surfaces do not interact with each other through the vacuum region. 
III. RESULTS AND DISCUSSIONS
First, we calculated the optimized lattice constant of NaCl-type BaO, which was found to be 5.40Å , as shown in Fig. 1(a) . The calculated lattice constant is comparable to the previous calculated 5.47Å, 37 and experimental 5.52Å 38 values. Our DFT estimated value is smaller than the experimental value due to the underestimation problem of DFT-LDA. Using the optimized lattice constant, we calculated the band structure, which is shown in Fig. 1(b) .
We see that BaO is a wide bandgap semiconductor and the calculated bandgap at the X (Γ-X)bandgap is ∼ 2.0 eV, in agreement with the previous LDA calculation. 39 However, the experimental and GW calculated value is 3.88 eV [39] [40] [41] . We then used LSDA+U, and our LSDA+U calculated bandgap is ∼ 3.6, which is comparable with the GW calculated and experimental values.
It is important to consider atomic relaxation in N-doped BaO. Usually, the doping impurity at the host site can either compress or elongate the bond length depending on the atomic size of the impurity atom. In some cases the impurity atom can also be located at an interstitial site and form a defect complex. 20 We therefore relaxed all the atomic coordinates is an instability towards magnetism within the Stoner mean field theory of magnetism.
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Within the Stoner model, which was mainly proposed for itinerant electron system, the large D(E F ) can lead to a large Pauli susceptibility which is large enough for the band to split spontaneously, and magnetism in N-doped BaO can be expected. coupling between the N atoms, the above calculations were also performed for Ba 27 O 26 N 1
and Ba 32 O 31 N 1 , and we confirmed that N in BaO has spin-polarized band structure. We also confirmed the above conclusions using the QE code. It is also important to comment on the magnetism of N-doped BaO using LSDA+U. The LSDA+U calculated total and PDOS of Ba 4 O 3 N 1 are shown in Fig. 2(c) . As expected, the N forms an impurity band in the bandgap of BaO and N-driven oxygen p states can also be seen in the gap region of BaO.
Similar observations have also been observed in self-interaction correction (SIC) for C-doped
BaO. 47 The local magnetic moment of N (O)is increased (decreased), but the total magnetic moment of the unit cell remains unchanged, i. The formation enthalpy H f of BaO is calculated using
where E(BaO), E(Ba), and E(O 2 ) are the total energies of NaCl-type BaO, BCC Ba, and oxygen molecule, respectively. The calculated H f was found to be −6.49 eV, which which is increased by including U parameter-similar behvior has also been observed in other oxides. 20 We then varied the distance d between the two N atoms, using 2× 2× 3 and 3× 3× 3 supercells, and calculated E f under different growth conditions. The calculated E f per N atom of both systems in the FM states is shown in Table I To propose BaO for practical practical applications, e.g., in the area of thin films, it is essential to study the electronic and magnetic properties of N doped at surface O site in BaO, Surf 1 . We found that N can also induce magnetism in BaO (001) surface, and the magnetism is mainly localized at the N site as shown in Fig.3(a,b) . Surface oxygen atoms have negligible magnetic moment and N has a large magnetic moment (0.97µ B ) when doped at surface O sites, as expected for surface N atoms. No induced magnetic moment at the subsurface atoms were found, which is different from other doped oxides. we believe that N doping in BaO has the potential to easily tune magnetism and may be superior to Co doped BaO. Further experimental work would be needed to demonstrate the potential of BaO:N for possible applications in the area of spin electronics. We also believe that our prediction can also be helpful for BaO terminated surface of BaTiO 3 .
IV. SUMMARY
To summarize, DFT was used to investigate potential magnetism in N-doped NaCl-type 
